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ABSTRACT. Land degradation is recognized as an important environmental and social problem in arid and semi-arid regions, particularly within a climate change context. In the last three decades the entire Mediterranean basin has been affected by more frequent droughts, covering large sectors and often lasting more than one year. The Iberian Peninsula has been equally affected by intense drought events since the 1980s. According to the latest IPCC report the Mediterranean region will suffer further hydrological stress in the coming decades, as a consequence of diminishing of precipitation and increasing of both average and extreme temperatures. This climatic outlook coupled with the land abandonment and/or intensification of some areas requires a continuous monitoring and early detection of degradation. The present work intends to contribute to such objectives.
Land degradation could be stated as a longstanding deterioration in ecosystems productivity. Here we assess the ability of NDVI to be used as an indicator of land degradation over Iberia, from 1982 Iberia, from to 2012 
. The negative trends of the residuals obtained after removing the precipitation influence on NDVI were assumed to indicate land degradation. A widespread land improvement was observed over Iberia with few hot spots of land degradation located mainly in central and southern sectors and in east Mediterranean and Atlantic coasts. The comparison of spatial patterns of residual trends with dryness for the aridity regions over Iberia highlighted the relatively small fraction of land degradation that experiences an increased dryness, although almost totality belonging to semi-arid region. On the other hand, land improvement is only associated with a tendency of wetness in the northeastern humid sector. Moreover, less than 20% of the area presenting land degradation corresponds to regions associated with land cover changes, being the new land cover types associated with transitional woodland-shrub, permanent and annual crops and permanently irrigated land areas.

Introduction
Land degradation is recognized as a major environmental and social problem. The Millennium Ecosystem Assessment (Safriel and Adeel, 2005) describes land degradation as "the reduction in the capacity of the land to perform ecosystem goods, functions and services that support society and development". According to the United Nations Convention to Combat Desertification (UNCCD) the term desertification "means land degradation in arid, semi-arid and dry sub-humid areas resulting from various factors, including climatic variations and human activities" (UNCCD, 1994) . Although in the past, drylands had the capacity to recover easily from severe and long drought events, presently human activities such as overgrazing and over cultivation are reducing the resilience of drylands ecosystems. Consequently it also labels desertification for the cases where land degradation occurs in arid and semi-arid environments. The monitoring and early detection of desertification land degradation processes are vital to avoid the irreversible decline of land conditions and the setup of desertification that can lead to ecosystems regime shifts (Bestelmeyer et al., 2015) . However, the assessment of land degradation and desertification is a very complex process, starting with the definition of both concepts (Higginbottom and Symeonakis, 2014) . We assume land degradation as a longstanding deterioration in ecosystems' productivity and the associated deterioration in potential plant productivity results from both human induced processes and climate factors. As human disturbances, land use changes and wildfires' occurrences assume a crucial role, whereas the main climate factors are the inter-annual variability of precipitation, sunshine and consequently the variations on growing season length (Bai et al., 2008) .
Land degradation and desertification assessment is of crucial importance in the Mediterranean basin, a region with a very long tradition in land management (Reale and Dirmeyer, 2000) , and also with a well-reported desertification tendency (de Wrachien et al., 2006) . However in some Mediterranean regions positive trends in vegetation activity were found spread throughout almost everywhere (del Barrio et al., 2010) . However, when the entire Mediterranean basin is considered, spots of negative trends were detected in degraded lands and positive trends in regions with land in good conditions. On the other hand, in the last three decades the entire Mediterranean basin has been affected by more frequent droughts, covering large sectors and often lasting more than one year. According to the latest IPCC report the Mediterranean region will suffer further hydrological stress in the coming decades, as a consequence of diminishing of precipitation and increasing of both average and extreme temperatures (IPCC, 2012) . Located in western Mediterranean, the Iberian Peninsula has been equally affected by intense drought events since the 1980s (Garcia-Herrera et al., 2007; Vicente-Serrano et al., 2011; Gouveia et al., 2012) . However, recent works show that the land throughout Iberia is in relatively good conditions, with isolated spots of land degradation that could be connected with land use changes, particularly the use of intensive agricultural techniques (del Barrio et al., 2010) . Moreover Hill and co-authors (2008) , using remote sensing information between 1989 and 2004, also identified over Iberia a widespread vegetation increase with local areas of land degradation. They attributed the decline in productivity to wildfires, namely to the large burned scars during the 2003 fire season in Portugal, whereas the land improvement is mainly attributed to the abandonment of rural areas (Hill et al., 2008) . On the other hand, Arribas et al. (2003) analyzed how land degradation affects the climate in Mediterranean basin, identifying a strong decline of precipitation in northeastern Iberia, which is one of the less degraded areas of the Peninsula.
Remote sensing techniques assume an important role for the development of monitoring and early assessment of land degradation (Higginbottom and Symeonakis 2014) . Land degradation is usually evaluated as a longstanding deterioration in ecosystem productivity, as assessed by changes in NPP, Net Primary Productivity (Phillips et al., 2008) . However anomalies (departures from the mean values) of Normalized Difference Vegetation Index (NDVI) could also be used as a proxy for land degradation. NDVI has been widely used to estimate vegetation dynamics (Gouveia et al., 2008; Bastos et al., 2016) , namely in the case of droughts and heatwave extreme events (Gouveia et al., 2009 (Gouveia et al., , 2012 . Likewise NDVI can be used and as an input of dynamical models (Nemani et al., 2003) and for inter-model comparison purposes (Bastos et al., 2016) . Several works have shown the relation of NDVI with biophysical parameters, such as (i) LAI, leaf-area index (Myneni et al., 1997) , (ii) fAPAR, the fraction of photosynthetically active radiation absorbed by vegetation (Fensholt et al., 2004) , and (iii) NPP (Phillips et al., 2008) . However, some limitations exist on the use of NDVI, as it has restrictions in regions with sparse vegetation due to the soil contamination, and also because when NDVI is used as a proxy for vegetation productivity it does not provide any useful information about the type of degradation/improvement (Bai et al., 2008) .
Nevertheless, NDVI is commonly used as an indicator of NPP, although NDVI revealed to be better for cropland and grassland than for forest (Bai et al., 2008) . Thus, NDVI was used for assessing land degradation and desertification in the Sahel region of sub-Saharan Africa (e.g. Prince et al., 1998; Holm et al., 2003; Anyamba and Tucker, 2005; Fensholt et al., 2011) . This region has experienced a decrease in precipitation between 1960 and 1990 (Higginbottom and Symeonakis, 2014 and was hit by several intense drought episodes in 1973 , 1985 and 1990 (Hulme, 2001 . However, in recent years, several studies using again NDVI revealed a recent greening trend (Eklundh and Olson, 2003; Herrmann et al., 2005; Fensholt et al., 2011; Huber et al., 2011) . This greening trend was also found in other semi-arid regions that were pointed before as hotspots of land degradation (De Jong et al., 2011) . The changes in NDVI trends are usually related with changes in precipitation variability (Hickler et al., 2005) , namely in arid regions where vegetation is highly controlled by precipitation (Gouveia et al., 2008) . Therefore a negative (positive) trend in NPP does mean inevitably land degradation (improvement). However, it is now widely accepted that prior to the NPP-land degradation assessment, the precipitation effect on vegetation should be removed.
Several approaches have been proposed to accommodate such role played by precipitation. The earliest method corresponds to the rain-use efficiency (RUE) concept originally proposed by Le Houérou (1984) . RUE is defined as the ratio between annual NPP and precipitation and, for regions where vegetation productivity is limited by precipitation, this index reveals to be sensitive to rainfall variability and soils characteristics (Prince et al., 2007) . However RUE presents some limitations in the case of land degradation assessment (Hein and Ridder, 2006) . In regions characterized by high annual precipitation values, precipitation is not a limitation and other factors, namely temperature, among others, may play a more relevant role on the control of vegetation productivity (Gouveia et al., 2008; Bastos et al., 2014) . Another problem can occur in regions characterized by low annual precipitation, where RUE values can tend to infinite. Additionally, RUE and precipitation cannot be regarded as independent variables (Dardel et al., 2014) . Consequently and with the aim of avoiding the existence of correlations between NDVI and precipitation, Fensholt et al. (2013) suggested using the sum of NDVI for the rainy season and accounting only for the increase of NDVI relative to a determined threshold, instead of the integral of NDVI for the entire year. Other approaches use statistical methods to disentangle NDVI from precipitation, namely the Residual Trends (RESTREND) method (Archer, 2004; Evans and Geerken, 2004 ) and the Precipitation Marginal Response (PMR) (Verón and Paruelo, 2010) with satisfactory results. In the former method, a regression between NDVI and precipitation was computed and a trend analysis of the residuals from this regression and of the original NDVI was performed. The later method quantifies the slope of the linear regression between productivity as obtained by NDVI or NPP and precipitation.
The main objective of this work is to assess land degradation throughout the Iberian Peninsula using NDVI from the Global Inventory Modeling and Mapping Studies (GIMMS), spanning from 1982 to 2012. Following the RESTREND method mentioned above, the NDVI and Precipitation datasets were used with the aim of simulating a new NDVI (NDVIsim) obtained by linear regression with precipitation (using 0, 1 and 2 lag years). A trend analysis was performed on the residual between NDVI and NDVIsim. The spatial patterns of residual trends over Iberia will be compared with the spatial patterns of the difference between two drought indices (the Standardized Precipitation and Precipitation-Evapotranspiration indices, respectively SPI and SPEI). The relationship between these patterns with climate variability and land use cover / change will also be analyzed.
Data and methods
NDVI
The NDVI from the GIMMS dataset is obtained using raw data acquired by the Advanced Very High Resolution Radiometer (AVHRR) sensor onboard the NOAA satellite series (7, 9, 11, 14, 16 and 18) . The GIMMS NDVI dataset has been corrected and calibrated geometrically, as well as for volcanic aerosols, and other effects not related to vegetation change (Pinzon and Tucker, 2014) . The GIMMS dataset has the spatial resolution of 8 km and is the longest remote sensing dataset covering the entire globe, being at the moment available from 1982 until 2012 Pinzon and Tucker, 2014) . Taking in account the availability of more than 30 years of high quality data and its temporal consistency, this dataset has been widely used to analyze vegetation dynamic and climate impacts on vegetation (e.g., Buermann et al., 2003; Gouveia et al., 2008; Bastos et al., 2016) .
The monthly composites of GIMMS-NDVI were obtained through the application of the Maximum Value Composite method (Holben, 1986) .
Precipitation and Evapotranspiration
The Climate Research Unit TS3.21 gridded database (Harris et al., 2014) with a grid point resolution of 0.5 degrees was used in this work. This dataset is based on monthly observations of several climate variables from more than 4000 weather stations spanned around the world. The database is checked for heterogeneities in data records using an automated method (Mitchell and Jones, 2005) . A number of relevant variables for this work, including precipitation and temperature were extracted from January 1980 until December 2012. The reference evapotranspiration was estimated based on the Hargreaves method (Hargreaves and Samani, 1985) . The time evolution of the accumulated annual precipitation averaged for the entire Peninsula was computed, as well as the trends of precipitation and their associated level of statistical significance for each grid point of the CRU dataset over the Iberian Peninsula for the available period.
In order to assess the impact of climatic conditions on land degradation, the Aridity Index (AI) was computed as the average of the ratio between annual total precipitation (P) and reference evapotranspiration (ET), for the Iberian Peninsula on the period 1982-2012, as shown on Equation 1. Results were grouped in 7 aridity classes (Spinoni et al., 2015) .
(1)
Drought indices-SPEI and SPI
Drought has been defined as a deficit of precipitation over a period of time in a specific location leading to various negative impacts, namely in water resources, agriculture and socio-economic activities, among others. The significant impact of large, intense or frequent drought events on land degradation has been stated for a long time (Nicholson et al., 1998) . The higher spatial variability of precipitation, namely in Mediterranean regions, originates different drought concepts and assessment for this climate event. In order to monitor and evaluate this complex phenomenon in recent years a large number of drought indicators have been developed with the aim of monitoring droughts, as well as at assessing their impacts in several sectors ranging from environmental to social. From the available tools normally used to identify drought events, the multi-scalar drought indices have the advantage of being very adaptable to different systems and assisting the analysis of drought impacts on several ecological systems that may respond to drought at different time-scales. The Standardized Precipitation Index is the most widely used, although being based only on precipitation data (McKee et al., 1993) . In simple terms, SPI corresponds to a normalized index that represents the probability of occurrence of an amount of precipitation, in comparison with the climatological normal of precipitation obtained over a long period of time for the specific geographic location. Negative (positive) values of SPI indicate deficit (excess) of precipitation over that location. Intensity and duration of droughts can be related, respectively, with the magnitude of the negative values of SPI and with the period of time with SPI lower than a certain threshold.
However the SPI only depends on precipitation, which has been pointed as a disadvantage. In order to incorporate the influence of temperature as well and thus incorporating evapotranspiration data, the Standardized Precipitation and Evapotranspiration Index (SPEI), has been also recently proposed (Vicente-Serrano et al., 2010) . SPEI is also a normalized index with a multi-scalar characteristic, and represents the probability of incidence of a certain amount of evapotranspiration, in comparison with the climatological normal. SPEI has been used in several studies that analyzed the influence of droughts on vegetation dynamics over different biomes (Vicente Serrano et al., 2013; Gouveia et al., 2016) including objective comparisons between SPEI and SPI for the Iberian Peninsula (Vicente-Serrano et al., 2014) .
The precipitation and evapotranspiration, obtained from the gridded values from the CRU TS3.21 database were used to compute the above mentioned drought indicators, which have been widely used by the authors (e.g. Russo et al., 2015; Gouveia et al., 2016) . The fitting was accomplished through the application of a log-logistic distribution function (Vicente-Serrano et al., 2010) . Following the approach of Vicente-Serrano et al. (2014) for assessing the increased severity of dryness over Iberia with good results, the difference between SPEI and SPI for the time scales of 12 months in December was used in this work. They observed a negative trend of this difference over Iberia, meaning that drought severity increased distinctively over the Peninsula according to both indices. In other words, although both SPI and SPEI present negative trends over Iberia, the SPEI shows a greater decrease, which includes the effect of evapotranspiration. Thus they associated the negative trend of SPEI-SPI with the increase on water demand by vegetation associated mainly to an increase of evapotranspiration.
Corine land-cover
With the aim of relating the land cover changes with degradation patterns over Iberia, the Corine Land Cover (CLC) map was used, available on a 250 m spatial resolution for Europe (http://land.copernicus.eu/pan-european/ corine-land-cover/) for the years of 1990, 2000 and 2006. Although available, the corresponding 2012 map was discarded due to several gaps and problems detected. The Corine Land Cover (CLC) classification is a database for environmental assessment and provides an inventory of biophysical surface, with 44 classes of land cover. The thematic maps were resampling to the resolution of the NDVI datasets (8m x 8km), using the majority rule. The land cover changes within the periods 2000-1990 and 2006-2000 were then computed and, for sake of simplicity, the 44 classes were aggregated into 11 new land cover types (Table 1 ) and the percentage of each new aggregated class for the 3 land cover classifications is present in Table 2 . 
Assessment of land degradation and statistical tests
The land degradation assessment was based on the trends of residual of the standardized NDVI (Archer, 2004; Evans and Geerken, 2004) for the period 1982-2012. Annual accumulated precipitation was standardized for a slightly longer period , since the precipitation on previous years will be also used in the proposed methodology. The dependence of NDVI on current and previous years' precipitation was assessed by means of the correlations for each NDVI pixel (p=0.05). It should be noted that each gridded value of precipitation was correlated with the different n pixels of NDVI within a certain cell, obtaining n correlation values within each cell. In order to assess the long-term decline of vegetation that was not influenced by rainfall, a multiple linear regression (MLR) was performed, removing the long-term influence of precipitation on vegetation. The MLR combined the precipitation for the contemporaneous year (year i, lag0), for the previous year (year i-1, lag1) and for two years before (year i-2, lag2) as the predictors, i.e. considering Equation 2.
(2)
Taking into account that these three predictors are in fact annually lagged versions of the same time series, the predictors were tested for possible autocorrelation for lags 0, 1, 2, and the results revealed that they do not present autocorrelation. The residuals of NDVI (NDVIr) were computed as the difference between the standardized observed NDVI and the simulated NDVI. The significant trends in the time series of the residuals of NDVI were then assessed (p=0.05). The reliability of the trend test may be affected by the existence of autocorrelation or outliers in the time series (Hamed and Ramachandra, 1997; Lanzante, 1996) . The time series of residuals were tested for autocorrelation in order to choose the appropriate trend test. If there was autocorrelation at lag 1 and lag 2, the modified Mann Kendall (Hamed and Ramachandra, 1997) test was used, otherwise the Spearman Rho test was chosen, since it is not much affected by outliers (Lanzante, 1996) . The slope of the significant trends was then computed using the Theil Sen method (Theil, 1950; Sen, 1968) .
The correspondence of degraded areas with the main land cover changes observed within the considered period was also performed. The land cover changes within the above mentioned periods, namely CLC 2000 -1990 and CLC 2006 -2000 , were also considered.
Assessment of land degradation and dryness
The Iberian Peninsula has been hit by severe and frequent drought events in the last 3 decades . Vicente-Serrano et al. (2014) have pointed an increase on drought severity and dryness over the last 6 decades, mainly related to an increase on water demand by vegetation associated mainly to an increase of evapotranspiration. They concluded that the difference between SPEI and SPI (i.e. SPEI-SPI) can be used as a suitable t indicator for this type of analysis.
With the aim of characterizing the observed trends of land degradation and assess if those patterns are related with the widespread tendency of dryness, the residuals of NDVI were then correlated with the difference between SPEI and SPI for the time scale of 12 months in December, using two-tailed Pearson correlation coefficients with a 0.05 level of significance.
Results
NDVI and Precipitation evolution over Iberia
The time evolution of the accumulated annual precipitation and NDVI averaged for the entire Peninsula is presented in Figure 1 . Precipitation does not present any positive or negative evolution, however the extreme climatic dry and wet events of the years 2005 and 2010, respectively, are notorious. On the other hand, the results for the averaged NDVI (Figure 1, bottom panel) show a positive evolution over the considered period. Despite the large spatial heterogeneity that characterizes the entire Peninsula, the annual NDVI averaged over Iberia provides an overview of the dominant pattern of vegetation behavior.
Moreover, the slopes of significant trends of the accumulated annual NDVI and of precipitation were also computed for each pixel/grid point over the Iberian Peninsula for the available period (Figure 2a, b) . In the case of the accumulated precipitation there are a small number of grid points with a significant decreasing trend being clustered in northern Spain. The South of Iberia, namely the region of central and southeastern Spain and a significant fraction of the Portuguese mainland, shows a slightly increase of accumulated precipitation for the considered period. It should be noted that these trends reflect the short period considered and, as such, do not reflect the long-term decline of total annual precipitation observed in Iberia since the 1950s (Sousa et al., 2011; Hoerling et al., 2012) . In contrast to the precipitation, the NDVI shows an increment of greenness widely spread over Iberia, with very restricted regions presenting a decrease on vegetation health, but limited to the Spanish provinces of Central, South, Northeastern Spain and near the Mediterranean coast of Spain (Figure 2a ). However this generalized increment of greenness may be related with the widespread positive influence of the contemporaneous year precipitation that is also spread over the Peninsula (Figure 3a, b, left panel) .
Figure 1. Temporal evolution of accumulated annual precipitation (top) and NDVI (bottom) averaged over Iberia (blue line) and corresponding linear trends (red).
Figure 2. Spatial patterns of significant trends for the period 1982-2012 of a) annual NDVI; b) accumulated annual precipitation. Trend tests were chosen in accordance with the presence or absence of autocorrelation in the time series.
Figure 3. a) Correlation coefficients between NDVI and Precipitation for lag0, lag1, lag2; b) Coefficient estimates for the regression between standardized NDVI and standardized Precipitation for lag0, lag1 and lag2 (coefficients a, b and c of Equation 1).
The dependence of NDVI on precipitation was assessed by means of the correlations for each NDVI pixel. The analysis has revealed a strong influence of precipitation on vegetation over Iberia for the contemporaneous year and for some regions precipitation presents a notorious influence on vegetation (Figure 3a) . The spatial patterns of coefficients estimates of the regression between standardized NDVI and standardized Precipitation for lag0, lag1 and lag2 (coefficients a, b and c of Equation 1) (Figure 3b) , highlight also the Iberian regions where precipitation presents a more effective influence. The positive correlations between NDVI and precipitation of the previous year ( Figure  3a , b middle panel) and two years prior (Figure 3a , b right panel) are still significant, stressing the memory retention nature of the driver, despite the general tendency for diminishing the absolute values of correlation. Consequently, the regression coefficients b and c still play an important role in multivariate linear regression, being positive in the majority of the pixels, although with some negative values of b close to the Pyrenees and some regions with negative values of c spread throughout the Iberia. This feature highlights again the high memory (with a lag of 1 and/or 2 years) of the precipitation influence on the vegetation of these regions. Being able to characterize the spatial and temporal framework of the influence of precipitation in the Iberian NDVI represents an important contribution. The control of precipitation on vegetation was therefore removed, and thus the obtained NDVI residuals should not reflect that driver influence.
Evolution of NDVI residuals and Dryness over Iberia
The spatial patterns of significant trends in residuals of NDVI (NDVIr) for the time period 1982-2012 are shown in Figure 4a . According to the results of annual NDVI trends (Figure 2a) , there is a widespread improvement of land conditions over Iberia even after removing the precipitation influence, as obtained by the spatial pattern of the slope of significant positive trends of NDVIr (Figure 4a ). On the other hand, the small areas presenting land degradation, as obtained by the negative NDVIr trends (Figure 4a ), are coincident with the ones showing a decreasing trend of greenness (negative NDVI trend, Figure 2a) . The main differences observed between the trends of NDVI ( Figure  2a ) and trends of NDVIr (Figure 4a ) are coincident with the areas presenting significant slope trend of precipitation for the same period (Figure 2b) . Moreover, those areas do not show (or show almost negligible positive) significant changes in land behavior. Another interesting feature related to the differences between trends of NDVI and trends of NDVIr is the appearance of a few points presenting land degradation, with negative NDVIr trends, in the region close to the Atlantic coast of Portugal (Figure 4a ). The spatial patterns of significant trends in SPEI-SPI values for the time period 1982-2012 are shown in Figure 4b . Trends in monthly differences of the two indices present a dominant negative trend over Iberia, with the exception of the region close to Lisbon. This negative trend indicates that SPEI presented a higher decrease than SPI, due to an increase of evapotranspiration. This negative trend presents higher slope values over central and eastern Iberia, including the Central, Southeastern and Northeastern provinces, indicating an increase of drought severity spread over Spain with higher values in those regions.
In this work we have chosen to use that difference in order to assess the relationship with land degradation and increasing dryness. The spatial patterns of significant trends (slope) of SPEI-SPI for the time scale of 12 months in December are shown in Figure  4b , always considering the time period 1982-2012. There is a spread negative trend of SPEI-SPI over Spain and North of Portugal with maximum trend around the Central and Southeastern regions. A small area located between Lisbon and Porto (Portugal) presents one hot spot of positive trends.
Land degradation and Dryness
The connection between land degradation and dryness was assessed by means of the determination of the correlation coefficients between the NDVIr and SPEI-SPI 12-months for the month of December (Figure 5a ). The correlation is dominated by a large amount of negative values, namely in the North and Western Iberia, whereas in Central and Southern Spain regions, as well as in Portugal it is possible to identify a few small hot-spots of positive correlations.
Figure 5. a) Spatial patterns of correlation coefficients between residuals of NDVIr and SPEI-SPI 12 on the month of December; b) Spatial distribution of aridity classes over the Iberian Peninsula; c) Boxplots of the correlation between NDVIr and SPEI-SPI for land degradation/ improvement (negative/positive NDVIr trend).
On the other hand, and despite being in a much smaller proportion when compared with land improvement (1/30), the areas presenting land degradation (negative NDVIr trends) are almost entirely associated to pixels that do not present significant correlation of NDVIr vs. SPEI-SPI (around 80%).
In order to analyze land degradation and improvement, as well as dryness distribution over different regions of Iberia, a characterization using the aridity index was used (Figure 5b) . Although recognizing that the area affected by land degradation is around 3% of area affected by land improvement, the results show a preference of degradation by semi-arid sector with more than 80% of the area presenting land degradation, as obtained by negative trend of NDVIr (Table 3 ). The Dry and Sub-humid sectors present a short percentage of area with negative trend of NDVIr, whereas the humid sector shows 14% of area displaying land degradation (Table 3) . On the other hand land improvement is present in all aridity sectors, with around a half of area belonging to semi-arid sector and a quarter to humid zone (Table 3) . An analysis of the correlation between NDVIr and SPEI-SPI 12-months for land degradation/improvement over the 4 aridity zones was performed using boxplot analysis and is presented in Figure 5c . The areas presenting land improvement (positive NDVIr trends in Fig. 4a ) correspond mostly to negative correlations of NDVIr vs. SPEI-SPI (47% of the improvement area) and thus being associated with negative trends in SPEI-SPI (Figure 5c, Improvement panel) . Moreover, the negative correlations present large interquartile dispersion with a median value around 0.50, with the higher correlation values corresponding to the humid and semi-arid sectors. However only few positive correlations values of NDVIr vs. SPEI-SPI were observed within the land improvement sector, corresponding only to 1% of that sector (Figure not shown) , emphasizing the low control of decreasing dryness in land improvement.
Although representing a short percentage of the land degradation sector, there are still 17% of the degraded region that presents positive correlation values of NDVIr vs. SPEI-SPI, and thus experiencing an increased dryness (decrease of SPEI-SPI values). Although we can involve only about 1/5 of pixels presenting land degradation with increased dryness, our results highlighted that almost all of these pixels are located inside the semi-arid sector (Figure 5c , Degradation panel). It should be noted that the boxplot regarding negative correlations NDVIr vs. SPEI-SPI was not presented, as there are only two pixels with significant correlations.
Land degradation and land cover change
The land cover changes observed in the considered period over Iberia were assessed by means of the changes observed on the Corine Land Cover classifications (Figure 6a) aggregated for the new 11 classes presented in Table 1 . Consequently the changes were analyzed separately for two periods, i.e., 1990-2000 (CLC2000-CLC1990, Figure 6b ) and 2000-2006 (CLC2006-CLC2000, Figure 6c ). There are several factors responsible for the detected changes observed between the three considered years. Among these, the frequent occurrence of wildfires, namely those reported during the severe fire seasons of 1991 (Garcia-Herrera et al., 2007 Gouveia et al., 2009) in Portugal (Figure 6b , green pixels). Another factor regards the arising of a large artificial lake resulting from the construction of the Alqueva's dam in the South of Portugal (Figure 6c ). The enlargement of several urban perimeters, such as Lisbon, Oporto, Madrid, Zaragoza, among others (Figure 6b ) and the introduction of irrigated crops in several regions of Spain (Figure 6b and 6c, yellow pixels) were also very noticeable. (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . The codes in x-axis are shown in Table 1 .
With the aim of analyzing the relationship between land degradation/improvement with land cover changes the percentage of area with negative residuals of NDVI that correspond to changes in land cover type was computed for each 'new aggregated' land cover type of each period (Figure 6c ). The artificial areas (urban and build up areas) were excluded of the analysis and the statistics were computed by summing the land cover changes for the two periods considered (CLC2000-CLC1990 and CLC2006-CLC2000), taking into account that the pixels that suffered changes twice are less than 1%. Land cover changes occurred only in approximately 16% of the area presenting land degradation (Figure 6d, dark grey bars) , being the new land cover types associated with transitional woodland-shrub (more than 4% of the land degraded pixels), permanent crops (more than 4%), annual crops (more than 3%) and permanently irrigated land (almost 2%). In the case of land improvement (Figure 6d, light grey bars) , the land cover changes occurred for a shorter percentage of the area affected (around 14%), being the most affected land cover type the transitional woodland-shrub (almost 4% of the pixels presenting land improvement), annual crops (more than 2%) and forest (more than 2%). It should be stressed that the land cover type of forest presents much more land improvement when compared with land degradation and the non-irrigated arable land and natural grassland do not evidence land degradation.
Discussion
Despite the increasing number of published studies devoted to land degradation, the ultimate mechanisms responsible for this phenomenon are still subject of a strong debate. This is especially true in semiarid regions, where vegetation is particularly well adapted to dry conditions and presents high resilience to drought events (Vicente-Serrano et al., 2013) . Likewise, severe and frequent drought events have been pointed as the cause of land degradation in certain areas of Africa (Nicholson et al., 1998) . However in recent years these regions have experienced an increase in productivity related with an increase of rainfall (Prince et al., 2007) . In these regions the vegetation behavior is very complex and it becomes difficult to disentangle the effect of droughts on land degradation from other natural factors or human activities (Vicente Serrano et al., 2015) . Results from previous studies (Hill et al., 2008; del Barrio et al., 2010) do not support the idea of reduced biological biodiversity and widespread desertification in Mediterranean basin, including some well-established desertification status achieved by southern and eastern parts of the Iberian Peninsula (Brandt and Thornes, 1996) .
In this work we used NDVI GIMMS dataset from 1982 to 2012 that corresponds to the longest satellite dataset available, in order to assess land degradation over Iberia. To the best of our knowledge this is the first work performed with such a long period of data and considering the entire Peninsula, despite the 8 x 8 km spatial resolution. Nevertheless, it is important to emphasize that this dataset has been used successfully to characterize vegetation dynamics, drought and land degradation at regional and global (Vicente-Serrano et al., 2015) scales. Our results have stressed the widespread increment of greenness over Iberia that could be associated with positive influence of annual precipitation for the contemporaneous period. Our results are partly in agreement with the ones obtained using the fraction of vegetation cover in the computation of RUE by del Barrio and co-authors (2010) for the shorter period of 1989-2000, and by Hill and co-authors (2008 Hill and co-authors ( ) for 1989 Hill and co-authors ( -2004 Furthermore, and removing the influence of annual precipitation of the last 3 years, we also observed a generalized improvement of land conditions over Iberia in the last 3 decades, as obtained by spatial pattern of the significant positive trends of NDVI residuals obtained after accounting for the impact of precipitation in NDVI. Similar positive trends in greenness were also obtained for several distinct semi-arid regions around the Globe (Vicente-Serrano et al., 2015) . On a more local/regional scale it is possible to say that some very limited regions presenting land degradation, mostly located in Central and Southern provinces of Spain with some other hot spots of degradation in the Northeastern sector, as well as close to the Mediterranean coast of Spain and to the Atlantic coast of Portugal.
The relationship between land degradation and increased dryness was implemented using the difference between SPEI and SPI. Our first results show that the area affected by land degradation stands for approximately 3% of the area affected by land improvement. This feature is in good agreement with previous findings (Bai et al., 2008 , Hill et al., 2008 del Barrio et al., 2010 , Vicente-Serrano et al., 2015 . These results for the trends in SPEI-SPI are in good agreement with the ones of Vicente-Serrano et al. (2014) obtained for a longer period lasting 6 decades, and using data from the Portuguese and Spanish Meteorological services. Vicente-Serrano et al. (2014) have associated the negative SPEI-SPI trends with an increase of dryness caused by an increment of evapotranspiration.
However, both changes in land conditions seem to be associated to a generalized decrease of SPEI-SPI, highlighting the role played by the generalized greater water demand resulted from the increase in evapotranspiration in these regions (VicenteSerrano et al., 2014) . Nevertheless areas showing land improvement are widely distributed over several aridity classes, whereas the around 20% of the areas exhibiting land degradation are associated with an increase of dryness and located almost in totality over semi-arid region. However the humid region also presents a considerable amount of pixels showing land degradation. Other authors have also associated the negative trends of greenness with lower aridity, while the areas showing increase trend are located to the most arid regions (Vicente-Serrano et al., 2015) . The percentage of land degradation that presents a connection with increased dryness over semi-arid regions seems to suggest a climatic control over land conditions; however the short percentage of degraded pixels that exhibit that control may also suggest that other factors should be considered.
Actually the highly managed character of land in the Mediterranean basin is also observed in Iberian Peninsula. Several factors have contributed to the land cover changes observed in Iberia in the considered period. However our results showed that land cover changes occurred for less than 20% of the degraded area, being the new land covers' types mainly associated with transitional woodland-shrub, permanent and annual crops and permanently irrigated land. In the case of land improvement the most affected land cover type was transitional woodland-shrub, annual crops and forest. The land cover types showing land degradation and improvement (crops, grassland and transitional woodland-shrub) are those identified by other authors as the land cover involved in land state changes. The exception is related with forest, but this change may be associated with the extreme fire seasons of 2003 and 2005 that have destroyed a large area of forest that have been recovering naturally or induce by human action. Despite the short percentage of degraded pixels that experienced land cover changes, which seems to indicate that those changes do not represent also the main reason for land degradation in the considered period, the analysis of the affected land cover reveals to be important. This feature suggests that land degradation occurs within the lifetime of some land cover types and consequently supports the new conceptual approach proposed by Bestelmeyer et al. (2015) wherein desertification consists of land states shifting within concrete land uses (e.g. rangeland, cropland). The above mentioned authors contrast the case of state changes with regime shifts, being the former readily reversed, while the later are involving persistent changes on vegetation or soil properties. Socioeconomic factor, such as migrations and agricultural prices, can induce land use fluctuations. Climate variability, such as droughts or increased rainfall, may also reinforce or attenuated these fluctuations. However the low resilience of soils may limit the vegetation recovery and a strong socioeconomic pressure, such as the increasing grazing or persistent loss of vegetation may result in land degradation. Consequently, to disentangle between equilibrium, non-equilibrium and regime-shifts states will constitute a power tool for management and policy responses (Bestelmeyer et al., 2015) .
The increase in productivity has been related with an increase of wetness observed in the Northwestern area, whereas land degradation was related with an increase of aridity that was observed over the Mediterranean zone of Iberia (del Barrio et al., 2010) . Hill and co-authors (2008) found several different patches of degradation, mainly caused by the wildfires that occurred in the end of the period considered in their study (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , that were coincident with the severe fires season of 2003, namely in Portugal. On the other hand, they attributed the widespread improvement in land conditions with the abandonment of rural areas (Hill et al., 2008) , which are primarily characterized by an increased vegetation cover and density. The Mediterranean region has a recognized long history of land management and, in the last few decades, it is noticeable the decrease of economic activities in rural areas, the conversion of croplands to pastures, the increased grazing and the reduction of wood extraction (Reale and Dirmeyer, 2000) . While the increase of shrub cover and the consequent increase of fire activity and the loss of soil fertility could be associated with the decline in greenness, the crop intensification and land cover changes could be associated with the increment of greenness (Evans and Geerken, 2004; Vicente-Serrano et al., 2015) and this feature was observed in Central Spanish Pyrenees (Vincente-Serrano et al., 2005) , north-western Spain and central Spain (Crecente et al., 2002; Romero-Calcerrada and Perry, 2004) , and in Portugal (Moreira et al., 2001) . The increased greenness could also be related with hydrological cycles and aquifers (Hill et al., 2008) . In fact, the decline in productivity observed during the last decades of the XX century in the semi-arid region of Alentejo in the South of Portugal, was inverted due to the construction, in the beginning of the XXI century, of the biggest artificial lake in Iberian Peninsula, the Alqueva. The Alqueva dam is providing water to agricultural practices and, at the same time, has contributed to an increase in the humidity of the region. Consequently the region does not present any signal of degradation in the period analyzed in the work. A similar feature was observed in southern Spain in the end of XX century, with the construction of Serena dam. The water availability made possible by dams of large dimension together with an increased number of small dams in Spain and Portugal, have incremented the permanently irrigated crops over the Peninsula. Moreover the land cover types changed during the period of time considered in this work are in good agreement with land degradation and improvement: the transitional woodland-shrub and the annual and permanent crops. As mentioned before these land covers are mainly related with the agricultural practices and rural exodus.
Conclusions
The methodology used to remove the effect of precipitation on vegetation activity proposed in this work has enabled the mapping of land conditions over Iberia Peninsula. In the Iberian Peninsula the effect of precipitation on vegetation has a long memory effect, achieving in some regions a lag of 2 years. The novelty of our approach is related with the ability to remove the 3-years signal of precipitation in greenness. This work has demonstrated also the important role of remote sensing datasets for a continuous mapping of land degradation. The length of the considered period (1982 through 2012) represents strength, as well as the use of globally available archived data of both remote sensing data of GIMMS-NDVI and climate datasets. land improvement is observed throughout most of Iberia, despite the increase tendency for dryness for all aridity classes, being only associated with a trend for wetness in the northeastern humid sector; -the association of land degradation with increased dryness is observed only for a small percentage of the degraded pixels, although almost the totality over semi-arid region; -changes in dryness may not explain several of the observed changes in land conditions; -land degradation/improvement affected mainly transitional woodland-shrub, permanent and annual crops and permanently irrigated land covers; -the percentage of area experiencing land improvement is greater than the area showing degradation for forests and non-irrigated arable land; -the percentage of area experiencing land degradation exceeds the area presenting improvement for forests and arable irrigated and annual crops; -our results are compatible with the new conceptual approach of land state changes; -the combined effect of climate variability and land cover changes induced by human activities seems to have the ability of explaining a larger number of land changes.
Nevertheless we are aware that further work is necessary to confirm some of the results obtained in particular a better interpretation of the observed changes will be obtained using higher resolution NDVI and precipitation datasets. Furthermore, the map of land degradation could be a reference extremely useful for helping decision makers in defining priorities and mitigation strategies.
